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HYBRID ARQ FOR PACKET DATA 
TRANSMISSION 

FIELD OF THE INVENTION 

The present invention relates to data communications, and 
more particularly, to reliable data delivery in a data com 
munications System. 

BACKGROUND AND SUMMARY 

In digital data communications Systems, it is common for 
data packets transmitted over a communications channel to 
be corrupted by errors, e.g., when communicating in hostile 
environments. WireleSS radio communications are often 
conducted in an especially hostile environment. The radio 
channel is Subjected to a barrage of corrupting factors 
including noise, rapidly changing communications channel 
characteristics, multi-path fading, and time dispersion which 
may cause interSymbol interference, and interference from 
adjacent channel communications. 

There are numerous techniques that may be employed by 
a receiver to detect Such errors. One example of an error 
detection technique is the well-known cyclic redundancy 
check (CRC). Other techniques used in packet data com 
munications employ more advanced types of block codes or 
convolutional codes to accomplish both error detection and 
error correction. For both error detection and error correc 
tion, channel coding is applied which adds redundancy to the 
data. When the information is received over the communi 
cations channel, the received data is decoded using the 
redundancy to detect if the data has been corrupted by errors. 
The more redundancy built into a unit of data, the more 
likely errors can be accurately detected, and in Some 
instances, corrected using a forward error correcting (FEC) 
scheme. In a pure FEC scheme, the flow of information is 
uni-directional, and the receiver does not Send information 
back to the transmitter if a packet decoding error occurs. 

In many communications Systems, including wireleSS 
communications, it is desirable to have a reliable data 
delivery Service that guarantees delivery of data units Sent 
from one machine to another without duplication of data or 
data loSS. Most Such reliable data delivery protocols use a 
fundamental retransmission technique where the receiver of 
the data responds to the Sender of the data with acknowl 
edgments and/or negative acknowledgments. This technique 
is commonly known as automatic repeat request (ARQ) 
transaction processing. Coded data packets are transmitted 
from a Sender to a receiver over a communications channel. 
Using the error detection bits (the redundancy) included in 
the coded data packet, each received data packet is pro 
cessed by the receiver to determine if the data packet was 
received correctly or corrupted by errors. If the packet was 
correctly received, the receiver transmits an acknowledg 
ment (ACK) signal back to the sender. If the receiver detects 
errors in the packet, it may also send an explicit negative 
acknowledgment (NACK) to the sender. When the NACK is 
received, the Sender can retransmit the packet. In a pure 
ARQ System, the channel code is only used for error 
detection. 

In hybrid ARQ (HARQ), features of a pure FEC scheme 
and a pure ARQ Scheme are combined. Error correction and 
error detection functions are performed along with ACK/ 
NACK feedback signaling. The channel code in a hybrid 
ARQ scheme may be used for both error correction and error 
detection. Alternatively, two separate codes can be used: one 
for error correction and one for error detection. A NACK 
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2 
Signal is Sent back to the transmitter if an error is detected 
after error correction. The erroneously received data packet 
in this first type of hybrid ARQ system is discarded. 
A more efficient hybrid ARQ scheme is to save the 

erroneously received and negatively acknowledged data 
packet and then combine it in Some way with the retrans 
mission. Hybrid ARQ Schemes that use packet combining 
are referred to as hybrid ARQ with combining. In a hybrid 
ARQ combining Scheme, the “retransmission' may be an 
identical copy of the original packet. If the retransmission is 
identical to the original transmission, the individual Symbols 
from multiple packets are combined to form a new packet 
consisting of more reliable Symbols. Alternatively, the 
retransmission may use incremental redundancy (IR). In IR 
packet combining, additional parity bits are transmitted 
which makes the error correction code more powerful than, 
and generally Superior to, identical packet combining. 

There are Systematic and non-Systematic FEC channel 
encoders. A Systematic encoder creates code-words by 
appending redundant bits, Sometimes called parity bits, to a 
block of information bits. A non-Systematic encoder maps a 
set of information bits into a completely different set of 
coded bits. One class of powerful Systematic codes is turbo 
codes. A turbo encoder uses at least two recursive convo 
lutional encoderS Separated by an interleaver. Information 
bits are Sent directly to the first encoder, and via the 
interleaver to the Second encoder. The turbo encoded code 
words include the original information bits (i.e., the System 
atic bits) and additional parity bits from the first and second 
encoderS. Because the Systematic bits are used in both the 
first and Second encoders, the Systematic bits are more 
important to the decoder at the receiver than the parity bits. 
Indeed, if the Systematic bits are lost, it may be impossible 
for the decoder to correctly decode the data packet even if 
a Substantial number of parity bits are Subsequently 
received. 

Both Systematic and non-Systematic codes may be used as 
the FEC code in a hybrid ARQ with combining scheme. 
However, the use of IR packet combining may be more 
difficult to combine with a channel code in which different 
code bits have different importance to the encoder. The use 
of turbo codes and IR combining, for example, is problem 
atic because when a new data packet is transmitted for the 
first time, all Systematic bits in the first transmission are 
included which ensures good performance of the turbo 
decoder. In IR packet combining, any retransmissions con 
tain parity bits but not the systematic bits. There is a problem 
if the receiver completely misses the original transmission or 
the original transmission is So corrupted that it is useleSS to 
the decoder. Because Subsequent retransmissions contain 
additional parity bits without the Systematic bits, the data 
packet may not be correctly decoded. If the channel is highly 
unreliable, for example a radio channel, this lost original 
packet Scenario may occur relatively often, triggering a large 
number of unnecessary retransmissions and delayS resulting 
in decreased efficiency and throughput. 

It is an object of the present invention to increase through 
put and decrease delay in a packet data communications 
System. 

It is an object of the present invention to provide an 
improved and more flexible hybrid ARQ scheme. 

It is an object of the present invention to overcome 
problems that occur when using a hybrid ARQ with packet 
combining Scheme over an unreliable communication chan 
nel where Some coded bits are more important to decoding 
than other coded bits. 
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In data packet transmissions between a transmitter and a 
receiver, a data packet includes a first type of bits and Second 
type of bits. In the preferred embodiment, the first type of 
bits is more important to decoding the data packet at the 
receiver than the Second type of bits. For example, the first 
type of bits may include actual information bits, or System 
atic bits (actual information bits plus other bits like tail bits), 
while the Second type of bits may include parity bits. 
Without the actual information bits, it may be quite difficult 
or even impossible to accurately decode the data packet just 
using the parity bits. When a packet is negatively acknowl 
edged by the receiver, the transmitter retransmits informa 
tion that is to be used in a Subsequent decoding operation at 
the receiver. Such a retransmission includes the Second type 
of bits. In one embodiment of the invention, retransmission 
may also include the first type of bits as well. In another 
preferred embodiment, the Second type of bits are retrans 
mitted without the first type of bits. 

If a data packet is detected as absent or otherwise Sub 
Stantially corrupted, a LOST signal is sent to the transmitter 
rather than a negative acknowledgment. In response to the 
LOST signal, the transmitter Sends a first retransmission to 
the receiver including the first type data bits in the packet, 
and preferably, also second type bits as well. That first 
retransmission is decoded, and if not Successful, a negative 
acknowledgment is Sent to the transmitter. In response to the 
negative acknowledgment, the transmitter in a preferred 
embodiment sends a Second retransmission that includes 
second type bits without first type bits. In another embodi 
ment, both types of bits are retransmitted. 
An example receiver includes transceiving circuitry for 

receiving a coded data packet transmitted over a communi 
cations channel. An initially-transmitted, coded data packet 
includes both first and second type bits. If the absence of an 
expected packet is detected, packet processing circuitry 
transmits a LOST Signal to the transmitter. A retransmission 
of the expected packet, including at least the first type bits 
and possibly the Second type bits as well, is decoded. In 
addition, if a received coded data packet is Substantially 
corrupted, a LOST signal may also be sent to the transmitter. 
The packet processing circuitry includes a buffer for Storing 
received packet information, a combiner for combining 
buffered information with retransmitted information, a 
decoder for decoding an output of the combiner, and a 
controller for controlling the operation of the buffer, com 
biner, and decoder. In a preferred, example embodiment, the 
buffer and combiner perform an incremental redundancy 
operation. If decoding of the first retransmission is not 
Successful, but the received data is believed to be useful in 
Subsequent decoding attempts, then a negative acknowledg 
ment is Sent to the transmitter. In response, a Second retrans 
mission is received, including a set of the Second type of bits 
either with or without the first type of bits depending upon 
the implementation. 
An example transmitter includes a signal processor for 

processing data to be transmitted and generating correspond 
ing Systematic bits and parity bits. A combiner Selectively 
receives one or both of Systematic and parity bits from the 
Signal processor and generates a coded data packet. Trans 
ceiving circuitry transmits the coded data packet over the 
communications channel. A controller controls which bits 
are Selected by the combiner to generate the coded data 
packet based on the feedback signal from the receiver. When 
a negative acknowledgment is received, parity bits corre 
sponding to the Systematic bits are retransmitted over the 
channel to the receiver. When (1) a LOST signal is received 
or (2) no acknowledgment or no negative acknowledgment 
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4 
is received for a coded data packet, the Systematic bits and 
possibly Some parity bits are transmitted over the commu 
nications channel to the receiver. In one example embodi 
ment, the Systematic bits are retransmitted along with a Set 
of parity bits originally transmitted with the Systematic bits. 
Alternatively, the Systematic bits are retransmitted with a Set 
of parity bits different from those originally transmitted. 
After the first retransmission in response to (1) or (2), if the 
transmitter receives a negative acknowledgment in response 
to the first retransmission, a set of parity bits associated with 
the systematic bits is retransmitted with or (preferably) 
without the systematic bits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features, and advantages 
of the present invention may be more readily understood 
with reference to the following description taken in con 
junction with the accompanying drawings. 

FIG. 1 is a diagram of an ARQ Scheme showing Success 
ful transmission of one packet in the first attempt, 

FIG. 2 is a diagram of a hybrid ARQ scheme with 
identical packet combining; 

FIG. 3 shows a hybrid ARQ scheme with full IR packet 
combining; 

FIG. 4 shows a hybrid ARQ scheme with partial IR packet 
combining; 

FIG. 5 shows a hybrid ARQ scheme with full IR packet 
combining where the original packet transmission is lost; 

FIG. 6 shows a hybrid ARQ scheme with partial IR packet 
combining where a lost original packet transmission is 
recovered; 

FIG. 7 shows a hybrid ARQ scheme with full IR packet 
combining where a lost original packet transmission is 
recovered; 

FIG. 8 is a diagram showing a communication System 
employing hybrid ARQ for packet data transmission in 
which the present invention may be employed; 

FIG. 9 is a flowchart diagram illustrating the procedure 
for one example implementation of the present invention; 

FIG. 10 is a more detailed function block diagram of an 
example hybrid ARQ transmitter; 

FIG. 11 is a more detailed function block diagram of an 
example hybrid ARQ receiver; 

FIG. 12 is a graph illustrating the performance of various 
hybrid ARQ schemes; 

FIG. 13 illustrates a radio communications system in 
which the present invention may be advantageously 
employed; and 

FIG. 14 illustrates in block format a turbo encoder. 

DETAILED DESCRIPTION 

In the following description, for purposes of explanation 
and not limitation, Specific details are Set forth, Such as 
particular embodiments, procedures, techniques, etc. in 
order to provide a thorough understanding of the present 
invention. However, it will be apparent to one skilled in the 
art that the present invention may be practiced in other 
embodiments that depart from these specific details. For 
example, the present invention may be implemented in any 
data communications System between any data transmitter 
and data receiver, e.g., See FIG.8. One Specific, non-limiting 
application of the invention is in a CDMA radio communi 
cations System, e.g., See FIG. 13. 

In Some instances, detailed descriptions of well-known 
methods, interfaces, devices, and Signaling techniques are 
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omitted So as not to obscure the description of the present 
invention with unnecessary detail. Moreover, individual 
function blocks are shown in Some of the figures. Those 
skilled in the art will appreciate that the functions may be 
implemented using individual hardware circuits, using Soft 
ware functioning in conjunction with a Suitably programmed 
digital microprocessor or general purpose computer, using 
an application specific integrated circuit (ASIC), and/or 
using one or more digital signal processors (DSPs). 

FIG. 1 shows an example of a Successful data packet 
transmission in one attempt. In FIG. 1 and various Subse 
quent figures (e.g., FIGS. 2-7), the boxes in the top row 
represent data packet transmission from the transmitter to 
the receiver and the boxes in the bottom row represent 
transmission of feedback information from the receiver back 
to the transmitter. In channel encoded communications 
described below, the bits that make up the n-th data packet 
include two groups or types denoted S., and P. The bits in 
the group S are more important to the decoding proceSS in 
the receiver than the bits in the group P. For example, the 
group S may include all Systematic bits from an encoder, 
and P. may include all parity bits from the same encoder. 
The group P, is further divided into Sub-groups P1, P2, 
Ps, ... representing parity bits that are transmitted in the 
first, the Second, the third, etc. transmission attempts, 
respectively. The Sub-groups P, k=1, 2, 3, etc. may be 
created, for example, by different puncturing of the Set of all 
parity bits P. In FIG. 1, the first transmission of the first data 
packet includes the bits in the groups S and P. After Some 
delay introduced by the forward channel, the packet reaches 
the receiver which decodes it. If the error detection in the 
receiver determines that the data packet is correctly 
received, an ACK Signal is Sent back to the transmitter. After 
Some delay introduced by the reverse channel, the transmit 
ter receives the ACK Signal, and the next data packet is 
transmitted consisting of the data bits in S. and P. 

FIG. 2 shows the principle of hybrid ARQ with identical 
packet combining. Each time the transmitter receives a 
NACK signal from the receiver, it retransmits the same bits. 
Thus, if the original transmission include the bits in S and 
P.1, then all retransmissions also include S, and P. The 
receiver combines the original transmission with all retrans 
missions in order to form a more reliable Set of received 
Symbols. Eventually, the packet is correctly decoded, and the 
receiver Sends an ACK Signal back to the transmitter. 

FIG. 3 shows the principle of hybrid ARQ with incre 
mental redundancy (1R) packet combining. Each time the 
transmitter receives a NACK signal from the receiver, the 
transmitter transmits a new set of bits denoted Pie, (k=2, 
3, ...). For example, the bits P2 in the second transmission 
consist only of additional parity bits used by the FEC 
decoder in the receiver. The FEC decoder in the receiver 
combines the Systematic and parity bits transmitted in the 
first attempt (S, and P) and the parity bits transmitted in 
the first retransmission (P2). ASSuming the Systematic bits 
are received, the decoder is more likely to accurately decode 
a packet using a larger number of parity bits, especially in 
hostile environments. In this example, the number of parity 
bits in P, is in general much larger than in P. because bits 
from the group S are not transmitted when P, is transmit 
ted. Eventually the packet is correctly decoded, and the 
receiver Sends an ACK Signal back to the transmitter. 

FIG. 4 shows a hybrid ARQ with partial incremental 
redundancy (IR) packet combining in accordance with one 
example, non-limiting embodiment of the invention. Here, 
the properties of both types of combining illustrated in FIG. 
2 and FIG. 3 are used. Each time the transmitter receives an 
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6 
NACK signal from the receiver, it retransmits the same bits 
from S, but a new set of parity bits P, (k=2, 3, . . . ) is 
Selected for each retransmission. The receiver combines the 
different transmissions of the bits in S in order to make 
them more reliable, and the FEC decoder uses the bits in the 
different parity bit sets P, (k=2,3,...), to improve the error 
correction ability of the FEC decoder. Eventually the packet 
is correctly decoded, and the receiver Sends an ACK Signal 
back to the transmitter. 
The hybrid ARQ packet combining systems depicted in 

FIGS. 2-4 have different advantages and disadvantages. For 
example, hybrid ARQ with identical packet combining 
requires less receiver buffer memory than the two IR com 
bining Schemes. When combining an original transmission 
with an identical retransmission in the receiver, the com 
bined result may be stored in the same buffer area as the 
receiver used for Storing the original transmission. Since the 
result after combining is more reliable than the old stored 
result from the original transmission, the old information is 
no longer needed. However, for IR combining Schemes the 
retransmission contains new parity information which must 
be stored Separately from the old information. One major 
disadvantage with the hybrid ARQ with identical packet 
combining System in FIG. 2 is a poorer performance com 
pared to the two other schemes. The scheme depicted in FIG. 
3 has potentially the best performance of the three schemes 
in terms of throughput and delay characteristics of the 
transmitted data packets. However, a drawback of the full IR 
Scheme occurs when the original packet transmission fails to 
reach the receiver. This failed original packet transmission is 
illustrated in FIG. 5. Alternatively, the quality of the original 
transmission may be so poor that it is useless to the FEC 
decoder. In both cases, the important bits in the group S, 
(e.g., the Systematic bits from an encoder), are not retrans 
mitted. The retransmissions in FIG.3 and FIG. 5 include bits 
only from the less important group of bits P, (e.g., the parity 
bits from a Systematic encoder). A large number of retrans 
missions are needed because it may be very difficult to 
decode the data packet without having received at least Some 
of the important bits in the group S. 

In contrast, the hybrid ARQ, partial IR scheme depicted in 
FIG. 4 solves this lost packet problem. As shown in FIG. 6, 
that hybrid ARQ, partial IR scheme is more robust than the 
hybrid ARQ full IR scheme because it overcomes the 
Situation when the original transmission is lost or Substan 
tially corrupted. The retransmissions in this Scheme include 
the bits in S, and for each retransmission, a new set of parity 
bits P (k=2, 3, . . . ). Since the decoder receives the 
important bits, e.g., S, in the retransmission, the packet can 
be decoded. However, because each retransmission contains 
relatively few redundancy bits, the corresponding coding 
gain is reduced as compared to that of a full IR Scheme 
where the retransmissions include only redundancy bits. 
Thus, performance and efficiency are traded off in the partial 
IR Scheme for the robustness in handling retransmissions of 
lost packets. 

Another Solution to the Substantially lost/corrupted origi 
nal packet transmission problem is depicted in an example, 
non-limiting embodiment of the shown in FIG. 7. If the 
receiver does not receive a data packet or the received data 
packet is Severely corrupted, the receiver Sends a LOST 
Signal, (i.e., not a NACK, nor an ACK Signal), back to the 
transmitter. The LOST signal triggers the transmitter to 
include the more important bits in the group S in the 
following retransmission, and preferably (though not nec 
essarily), bits from the less important group P, e.g., P. On 
the other hand, if the receiver decides that the received data 
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packet is useful, but errors are still detected in the decoder 
output, the receiver Sends a NACK Signal back to the 
transmitter. The NACK Signal triggers the transmitter to 
Send a retransmission including bits from the leSS important 
group P, e.g., P2, without having to include the more 
important bits, e.g., S. In this way, each retransmission 
enjoys a greater coding gain than the Solution in FIG. 4. 
Once the data packet is Successfully decoded by the receiver, 
an ACK Signal is sent back to the transmitter triggering 
transmission of the next data packet. One interpretation of 
the NACK and LOST signals is that the receiver transmits 
a NACK in order to ask for a retransmission containing 
mainly additional less important bits and a LOST signal to 
ask for a retransmission containing mainly the important 
bits. 

In the embodiment of FIG. 7, the hybrid ARQ scheme 
which includes full IR packet combining uses three feedback 
responses: ACK, NACK, or LOST. If the receiver does not 
detect that the transmitter has Sent a data packet or cannot 
decode it, an alternative response from the receiver may be 
complete Silence rather than Sending a LOST signal for 
simple ARQ schemes, like stop-and-wait ARQ. The receiver 
interprets a lack of response from the transmitter as a LOST 
Signal, and this triggers the transmitter to retransmit the 
packet. This approach reduces the reverse link Signaling 
from receiver to transmitter if only the ACK and NACK 
responses are employed. However, for more Sophisticated 
ARQ Schemes, e.g., go-back-N and Selective repeat, Sending 
a LOST signal for a particularly identified packet may be 
desirable or necessary. 

The hybrid ARQ scheme with full IR data packet com 
bining of FIG. 7 combines the advantages of identical packet 
combining and full IR data packet combining. By introduc 
ing a three level feedback signaling (ACK, NACK, or 
LOST), the scheme exploits the robust nature of identical 
data packet combining and the good performance resulting 
from greater coding gain provided by a full IR data packet 
combining System. The ultimate benefits are increased 
throughput and decreased delay of the packet data commu 
nication System. Increased throughput and decreased delay 
mean better communication Services. 

In the example embodiments of FIG. 4 and FIG. 6, the 
receiver does not always need three feedback responses 
(ACK/NACK/LOST). As long as the receiver can keep track 
of which less important bits are included in a retransmission, 
it is sufficient to use only two feedback responses (ACK/ 
NACK). However, there are situations when using three 
feedback responses may still be beneficial even for the 
partial IR combining Scheme. For example, if the receiver 
completely misses the original transmission or one of the 
retransmission, it might loose count on of the retransmis 
Sions. Thus, if the receiver detects that the set of less 
important bits in a retransmission does not correspond to 
what the receiver expected, it may send a LOST signal back 
to the transmitter which triggers the transmitter to Start all 
over again with the original transmission. Alternatively, the 
receiver may not have enough buffer memory in the com 
biner buffer to store any additional less important bits. By 
Sending a LOST signal to the transmitter, the following 
retransmission will contain only leSS important bits that has 
previously been transmitted, and which does not require any 
new buffer memory. 
The hybrid ARQ with packet combining schemes in 

accordance with FIGS. 4, 6 and 7 may each be implemented 
in a data communications System 1 as shown in FIG. 8. 
Transmitted data packets are received and processed by a 
hybrid ARQ transmitter 2. Channel encoded information, 
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including a first group of bits important to decoding and a 
Second group of bits leSS important to decoding are trans 
mitted over a forward channel 4. A hybrid ARQ receiver 6 
receives information over the forward channel 4 and 
includes error correction and detection functionality to pro 
ceSS received data packets as well as detect the absence of 
a data packet. For Satisfactorily decoded packets having no 
errors, the hybrid ARQ receiver 6 sends an acknowledgment 
signal (ACK) over a feedback channel 8 to the hybrid ARQ 
transmitter 2. Acknowledged data packets are also provided 
by the receiver to higher level applications in the receiver. 
For decoded data packets having detected errors, a negative 
acknowledgment (NACK) is transmitted back to the trans 
mitter 2 over the feedback channel 8. If the scheme of FIG. 
4 is employed, the transmitter 2 retransmits both the impor 
tant bits, e.g., S, as well as a set of the less important bits, 
e.g., Pe. This process continues until the data packet is 
Successfully decoded and acknowledged. If the Scheme in 
FIG. 7 is employed, the hybrid ARQ transmitter 2 transmits 
a set of the less important bits, e.g., P2, without sending the 
more important bits, e.g., S. This latter Scheme is preferred 
because of its better performance. 

However, if a data packet is detected as absent or is 
determined to be Sufficiently corrupted So as to be uncor 
rectable (or practically so) by the receiver decoder, a LOST 
Signal is sent by the receiver 6 through the feedback channel 
8 to the hybrid ARQ transmitter. For simple stop-and-wait 
ARO schemes, the failure to receive an ACK or a NACK 
within a particular time window after transmission may be 
interpreted by the transmitter as a LOST packet. A subse 
quent negative acknowledgment of that first retransmission 
results in a second retransmission of the same important bits 
as well as a set of the less important bits. This set of less 
important bits may be the same as in the first retransmission, 
e.g., P., or it may be a different set, e.g., Pa. A different 
set is preferred. In the solution of FIG. 7, if the first 
retransmission is negatively acknowledged, a Second 
retransmission is Sent to the receiver including a set of leSS 
important bits without including the more important bits. 
Again, the leSS important bits included in the Second retrans 
mission may be the same as those included in the first 
retransmission or they may be different (preferred). 

Procedures that may be used in an example implementa 
tion of the present invention are now described in accor 
dance with the flowchart diagram illustrated in FIG. 9. FIG. 
9 illustrates the procedure when the receiver expects to 
receive a packet (block 10). The receiver decides if an 
expected data packet is absent or not (block 11). If the 
expected packet is absent, the receiver then sends a LOST 
Signal to the transmitter (block 12). In response to receipt of 
the LOST signal, the transmitter Sends a retransmission 
including more important bits, and possibly leSS important 
bits (block 13). The receiver then follows flag C back to 
block 11. Once the receiver detects in block 11 that an 
expected packet is not absent, the receiver decodes the 
packet (block 14). A decision is made whether a packet is 
successfully decoded (block 15). If so, the receiver sends an 
acknowledgment signal ACK to the transmitter (block 16). 
When the acknowledgment Signal is received, the transmit 
ter sends the next data packet (block 17). 
On the other hand, if the packet is not Successfully 

decoded in block 15, the receiver makes a decision on if the 
interim decoding results are acceptable and if the receiver 
can benefit from additional less important bits (block 18). 
One way of determining whether the interim decoding result 
is acceptable or otherwise usable in a packet combining 
error correction methodology is to simply compare the 
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interim decoding result to a predetermined threshold. One 
reason for the receiver to decide that it can not benefit from 
additional less important bits, is if the combiner buffer (see 
FIG. 11 block 54) is full and there is no buffer memory left 
to Store any additional leSS important bits. 

If the answer in block 18 is YES, the receiver stores the 
received information and sends an NACK signal to the 
transmitter (block 21). In response to the NACK signal the 
transmitter Sends leSS important bits in the retransmission 
(see FIG. 7), or alternatively, both more important and less 
important bits (see FIG. 4 and FIG. 6). The receiver then 
continues to block 23. 

If the interim decoding result is determined in block 18 
not to be acceptable, (e.g., the data is so corrupted that it 
cannot be practically corrected), or if the receiver decides 
that it can not benefit from additional less important bits (e.g. 
the combiner buffer is full), control proceeds to block 19 and 
the receiver sends a LOST signal to the transmitter. In 
response to receipt of a LOST signal, the transmitter Sends 
a retransmission including the more important bits, and 
possibly Some leSS important bits. The leSS important bits 
transmitted in response to a LOST signal may be the same 
as those transmitted in the original transmission (preferred) 
or they may be different. The receiver then continues to 
block 23. 

In block 23 the receiver decides if the retransmission is 
absent or not. If the retransmission is absent the receiver 
follows flag B back to block 18. If the retransmission is not 
absent, the receiver repeats the decoding operation using 
retransmitted bits and stored information (block 24). After 
this decoding operation the receiver follows flag. A back to 
block 15. 
As described above, in the system of FIG. 8, the trans 

mitter may respond in different ways when a LOST signal is 
received. In one preferred approach, the transmitter Starts all 
over and retransmits both the originally transmitted impor 
tant and less important bits, e.g., S, and P.1, whenever a lost 
Signal is received (preferred). Alternatively, the retransmis 
Sion may include the important bits S together with a new 
set of less important bits not previously transmitted, e.g. P. 
when a LOST signal is received. Still further, it is also 
possible to Send a combination of new and previously 
transmitted bits from the set of less important bits P when a 
LOST Signal is received. The advantage of Sending a new Set 
of leSS important bits is better performance compared to 
Sending the original leSS important bits. The advantage of 
Starting all over again and retransmit the same bits as in the 
first attempt is that this ensures that the received information 
in the retransmission will fit in to the combiner buffer in the 
receiver. 

FIGS. 10 and 11, respectively, show in function block 
format a hybrid ARQ transmitter 31 and a hybrid ARQ 
receiver 50 that may be used in an example implementation 
of the present invention. The hybrid ARQ transmitter 31 in 
FIG. 10 includes a channel encoder 32 which performs 
channel encoding functions including coding original data 
with forward error correction and error detection bits. The 
output of the channel encoder 32 includes important bits like 
Systematic bits and leSS important bits like parity bits. 
Systematic bits are more important, for example, to the 
decoding operation in the receiver than the parity bits. The 
controller 42 controls the operation of the channel encoder 
32, the buffers 34 and 36, and the combiner 38. Depending 
upon the received feedback signal (ACK/NACK/LOST) 
provided by receiver 44 to controller 42, bits from one or 
both of buffers 34 and 36 are combined in combiner 38 and 
provided to the transmitter front end 40 for transmission 
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over the communications channel. AS described above, 
depending upon the received feedback Signal and the par 
ticular embodiment employed, Systematic bits may or may 
not be combined in the retransmission, and certain ones of 
the parity bits may be Selected and combined in the retrans 
mission. 
The hybrid ARQ receiver 50 in FIG. 11 includes a 

receiver front end 52 which receives the signal transmitted 
over the communications channel. The received signal infor 
mation is actually stored in a combiner buffer 54 and also 
provided to a combiner 56. The output of the combiner 56 
is processed in a forward error correction (FEC) decoder 58. 
The decoded output is processed in error detection block 60 
to detect errors in the decoded output. If no errors are 
detected, the data packet is output for further processing by 
higher level applications in the receiver. For accurately 
decoded packets, the controller 62 sends an ACK Signal by 
way of transmitter 64 to the transmitter 31. On the other 
hand, if errors are detected in the decoder output, the 
controller 62 transmits a NACKsignal via the transmitter 64 
requesting retransmission. Still further, the controller 62 
may also determine when a packet has not been received 
within a particular time window. Packet identifiers are 
typically included in data packets to Specify the Sequence as 
well as identity of a particular packet. Using this identifying 
information, the receiver can detect if a specific packet has 
not been received and send a LOST signal to transmitter 31. 
This identifying Sequence information is also used by the 
combiner 56 to perform incremental redundancy combining 
of systematic and parity bits. Moreover, if the controller 
receives a signal from the error detection block 60 which 
indicates that there are too many errors output by the FEC 
decoder 58, making error correction either too difficult or 
improbable, the controller 62 sends a LOST signal from its 
transmitter 64. 
The following is an example of how the bits in S and P. 

may be incrementally combined with P. A rate R=/s turbo 
encoder is assumed for error correction. (A turbo encoder is 
described in conjunction with FIG. 14). The turbo encoder 
calculates four Streams of parity bits, i.e. four bits for every 
Systematic bit. Thus, if the data packet to be transmitted 
consists of N bits, we will obtain 4N parity bits from the 
channel encoder 32. In the first transmission attempt it might 
be unnecessary to transmit all 5N bits, Since transmitting this 
many bits all the time will increase the required bandwidth 
of the communication System. Instead, only the N Systematic 
bits in S, and N of the parity bits (i.e., P.I.) are sent in the 
first transmission attempt. For example, P. may include 
odd numbered parity bits from the first stream and even 
numbered bits from the third stream of parity bits. Thus, in 
this example, bits from the Second or fourth Streams of parity 
bits are not sent in the first transmission attempt. 

If a NACK signal is received, 2N new parity bits P are 
sent. For the second transmission attempt P. may include 
all even numbered bits from the first, odd numbered bits 
from the second, odd numbered bits from the third, and even 
numbered parity bits from the fourth streams of parity bits. 
The FEC decoder 58 in the receiver has now obtained all bits 
from the first and third streams and half of the bits from the 
second and fourth streams, respectively. The bits in Si, P., 
and P are arranged in the correct order by the combiner 56 
and the bits that are still missing are ignored, (i.e., the even 
numbered bits from the second stream of parity bits and the 
odd numbered bits from the fourth). After the second trans 
mission attempt, the decoder 58 has a much more powerful 
channel code to decode, and this significantly improves the 
probability of correct decoding. 
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The different hybrid ARQ schemes are compared by using 
an example simulation, the results of which are shown in 
FIG. 12. The following are the simulation assumptions. The 
FEC encoder is a standard rate /2 turbo encoder with 
constraint length 3. The bits from the turbo encoder are 
modulated by a QPSK modulator and transmitted over an 
AWGN channel. The turbo encoder uses a block-size of 960 
bits and the turbo decoder uses 4 iterations. FIG. 12 shows 
the simulated slot error rate (SLER) as function of Es/No in 
dB, where Es is defined as the average energy per modula 
tion Symbol, and No is the one-sided power spectral density 
of the white noise on the channel. The slot error rates 
presented in FIG. 12 are interpreted as the probability that 
the data packet is not correctly communicated after one, two, 
three, or four transmission attempts, respectively. Slot error 
rate performance for the original transmission of each data 
packet is shown using a Solid line with no markers. Slot error 
rate performances after one, two, and three retransmissions 
are shown with black Squares, white circles, and black 
triangles, respectively. Dashed lines with markers represent 
the identical packet combining System depicted in FIG. 2. 
Dash-dotted lines with markers represent the partial IR 
packet data combining System depicted in FIG. 4. Solid lines 
with markers represent the full IR packet data combining 
system depicted in FIG. 3. The performance of all schemes 
improves as the number of transmission attempts increase. 
The difference between identical packet combining and 
partial IR combining is about 0.5 dB. The full IR combining 
scheme is 0.5 dB better than the partial IR combining 
Scheme. In this example Simulation, the full IR combining 
Scheme outperforms the Simple packet combining Scheme 
by about 1 dB which is why the hybrid ARQ with full IR 
combining in FIG. 7 is preferred over the hybrid ARQ with 
partial IR combining in FIGS. 4/6. 

Using the present invention, it is possible to implement an 
identical, a partial IR, and a full IR combining Scheme in the 
same hybrid ARQ protocol. If the receiver is only capable of 
handling identical packet combining, then it can Send LOST 
Signals instead of NACK Signals So that the transmitter 
retransmits the original data until the receiver can decode it 
correctly. Once the data packet is correctly decoded, the 
receiver transmits an ACK Signal. A more advanced receiver 
can take advantage of the improved performance of partial 
or fall IR hybrid ARQ by transmitting NACK signals to 
trigger the transmitter to Send more and varied redundant 
information. Another possible use of the invention is to 
allow the receiver to use full IR combining until it runs out 
of memory in the receiver combiner buffer. Once the 
receiver combiner buffer is full the receiver can fall back to 
identical packet combining. This also allows for the receiver 
to use full JR combining for Small data packets and identical 
packet combining for larger data packets. Thus the receiver 
can make a trade off between the cost of combiner buffer 
memory and performance. 
One type of System in which this can be an advantage is 

a cellular radio communication System in which the trans 
mitter is the base station and the receiver is the mobile unit 
or Vice versa. A more advanced mobile unit capable of 
partial or full IR packet data combining will then achieve 
higher throughput than a simpler (and less expensive) 
mobile unit. FIG. 13 illustrates an example CDMA commu 
nications system 100. External networks 102, which may 
include circuit-Switched type networks as well as packet 
Switched type networks, connected to a CDMA radio acceSS 
network 104 that includes one or more radio network 
controllers (RNCs) 106. Each RNC 106 is connected to a 
plurality of radio base stations (BSS) 108 and to other RNCs 
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in the radio access network 104. Radio communications 
between one or more base stations 108 and a wireless user 
equipment (WUE) 110 are by way of a radio interface. A 
mobile radio terminal is an example of a wireleSS user 
equipment 110. Radio access in this non-limiting example is 
based on CDMA with individual radio channels being 
distinguished using spreading codes. CDMA provides wide 
radio bandwidth for multimedia Services including packet 
data applications with high data rate/bandwidth require 
ments. One Scenario in which high Speed data may need to 
be transmitted downlink from the radio access network 104 
over the radio interface to a wireleSS user equipment 110 is 
when the wireleSS user equipment 110 requests information 
from a computer attached to the Internet, e.g., a website. 

Each WUE and BS includes a channel encoder and 
decoder. A channel encoder maps a block (or a sequence) of 
input information bits into a block (or a sequence) of coded 
bits. In this WCDMA non-limiting application of the present 
invention, the channel encoder and decoder are preferably a 
turbo encoder and decoder. A turbo encoder is described in 
further detail below. 

FIG. 14 illustrates an example turbo encoder of rate R=/3 
including two Recursive Systematic Convolutional (RSC) 
encoders. The RSC encoders are called convolutional 
because the linear shift register Structure resembles a Stan 
dard digital linear filter, and linear filters convolve the input 
with the filter impulse response. The term “recursive” relates 
to the fact that there is a feedback loop present in the RSC 
encoders. The two RSC encoders are concatenated in par 
allel and are separated by an interleaver. The interleaver 
takes one block of input bits and re-orders them in a 
random-like manner. The input bits are forwarded directly to 
the first RSC encoder and via the interleaver to the second 
RSC encoder. A turbo encoder operates on a block of input 
bits, N, and also the size of the interleaver equals N. 
The encoder in FIG. 14 is not so much “turbo' as is the 

corresponding decoder in the receiver. The received System 
atic bits and the received parity bits corresponding to the first 
RCS encoder are used in a decoder that only takes RSC-1 
into account. From this decoding process, Some knowledge 
about the transmitted information bits is acquired. This 
So-called “soft information' is used to decode an interleaved 
version of the received Systematic bits and the received 
parity bits from RSC-2. After this decode operation, more is 
known about what information was transmitted. The decod 
ing process is repeated, but this time using what was learned 
about the information bits during the previous iteration of 
the decoding process. The decoding process may be 
repeated, and the performance increases a little bit in every 
new iteration. Hence, the use of the term “turbo.” Desirable 
qualities of turbo encoders include: (1) the code words look 
like random code words to the channel, and (2) it is simple 
to construct very long code words. The Structure imposed on 
the code words by the turbo encoder is enough to make the 
decoding process practical, but not So much that the desir 
able random-like properties are lost. 

iot 

While the present invention has been described with 
respect to particular example embodiments, those skilled in 
the art will recognize that the present invention is not limited 
to those Specific embodiments described and illustrated 
herein. Different formats, embodiments, adaptations besides 
those shown and described, as well as many modifications, 
variations and equivalent arrangements may also be used to 
implement the invention. While systematic bits and parity 
bits are given as examples of important and leSS important 
bits, other groups and types of bits may be identified as 
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important and less important. Accordingly, it is intended that 
the invention be limited only by the scope of the claims 
appended hereto. 
What is claimed is: 
1. For use in data packet transmissions between a trans 

mitter and a receiver where a data packet includes a first type 
of bits corresponding to actual information bits and a Second 
type of bits corresponding to parity bits, the information bits 
being more important to decoding than the parity bits, a 
method comprising: 

detecting an error in a received data packet; 
Sending a negative acknowledgment Signal to the trans 

mitter to trigger a first type of retransmission of the 
parity bits to be used in a Subsequent decoding opera 
tion at the receiver; 

detecting an absence of a lost data packet, 
Sending a lost Signal message to the transmitter rather than 

the negative acknowledgment Signal, the lost Signal 
message indicating that the lost data packet was 
detected as not received; 

in response to the Sending of the lost signal message, 
receiving from the transmitter a Second different type of 
retransmission of the information bits of the lost data 
packet; 

decoding the Second different type retransmission. 
2. The method in claim 1, wherein the different second 

type retransmission also includes a first Set of the parity bits 
of the lost data packet. 

3. The method in claim 2, further comprising: 
if the decoding of the Second different type retransmission 

is not Successful, Sending the negative acknowledg 
ment signal to the transmitter; 

receiving from the transmitter a third type of retransmis 
Sion including a Second Set of the parity bits different 
from the first set; 

decoding the data packet using information from the 
Second and third type retransmissions. 

4. The method in claim 3, wherein the third type retrans 
mission does not include the information bits. 

5. The method in claim 3, wherein the third type retrans 
mission includes the information bits and the Second Set of 
the parity bits. 

6. The method in claim 1, wherein the lost data packet is 
detected as absent by determining that a packet with a 
particular identifier expected to be received was not received 
in an expected time period. 

7. The method in claim 1, wherein the lost data packet is 
detected as absent by comparing a decoding result for the 
packet with a threshold. 

8. A method of processing received encoded data packets, 
each encoded data packet including a first group of bits 
corresponding to actual information bits and a Second group 
of bits corresponding to parity bits, where the information 
bits are more important to decoding the data packet than the 
parity bits, comprising: 

decoding a received packet to produce an interim decod 
ing result, 

determining if the interim decoding result is above a 
threshold; 

if the interim decoding result indicates an error in the 
received packet and the interim decoding result is at or 
above the threshold, Sending a negative acknowledge 
ment Signal to trigger a first type of retransmission of 
the parity bits, 

if the interim decoding result is not above the threshold, 
Sending a lost Signal message rather than the negative 
acknowledgement Signal to trigger a Second type of 
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retransmission of the information bits of the data 
packet, the Second type of retransmission being differ 
ent from the first type of retransmission, the lost Signal 
message indicating that the data packet was detected as 
absent; 

receiving a Second type of retransmission of the informa 
tion bits of the data packet; 

decoding the Second type retransmission. 
9. The method in claim 8, wherein the second type 

retransmission also includes a first Set of the parity bits of the 
data packet. 

10. The method in claim 8, further comprising: 
if the decoding of the Second retransmission is not Suc 

cessful, Sending the negative acknowledgment to the 
transmitter; 

receiving from the transmitter a third type retransmission 
including a Second Set of the parity bits different from 
the first set; 

decoding the data packet using information from the 
Second and third type retransmissions. 

11. The method in claim 10, wherein the third type 
retransmission only includes the Second set of parity bits. 

12. The method in claim 10, wherein the third type 
transmission retransmission includes the information bits 
and the Second Set of the parity bits. 

13. Apparatus for use in a transmitter which transmits data 
over a communications channel, comprising: 

a signal processor configured to process data and generate 
corresponding Systematic information bits and parity 
bits; 

a combiner configured to Selectively receive Systematic 
information bits and parity bits and generate a coded 
data packet; 

transceiving circuitry configured to transmit coded data 
packets over the communications channel; 

a controller configured to control which bits are Selected 
by the combiner to generate the coded data packet 
based on feedback from a receiver; 

wherein when a negative acknowledgment Signal is 
received, the controller is configured to Send a first type 
of retransmission with parity bits over the communi 
cations channel to the receiver; 

wherein when a lost signal message is received, the lost 
Signal message indicating that the data packet was 
detected as absent, the controller is configured to Send 
a Second type of retransmission with the Systematic 
information bits over the communications channel to 
the receiver; and 

wherein the first type of retransmission is different from 
the Second type of retransmission. 

14. The apparatus in claim 13, wherein the Signal pro 
ceSSor and combiner is implemented using a turbo encoder. 

15. The apparatus in claim 14, wherein the communica 
tions channel is a radio channel. 

16. The apparatus in claim 13, wherein when the lost 
Signal message is received or no acknowledgment Signal or 
negative acknowledgment Signal is received, the Systematic 
information bits are retransmitted over the communications 
channel to the receiver along with parity bits originally 
transmitted with the systematic information bits. 

17. The apparatus in claim 13, wherein when the lost 
Signal is received or no acknowledgment Signal or negative 
acknowledgment Signal is received, the Systematic informa 
tion bits are retransmitted over the communications channel 
to the receiver along with parity bits different from the parity 
bits originally transmitted with the Systematic information 
bits. 
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18. The apparatus in claim 13, wherein when the system 
atic information bits are retransmitted, and a negative 
acknowledgment Signal is received in response to the 
retransmission, parity bits associated with the Systematic 
information bits are retransmitted over the communications 
channel to the receiver without the Systematic information 
bits. 

19. The apparatus in claim 13, wherein when a negative 
acknowledgment Signal is received, the Systematic informa 
tion bits are retransmitted over the communications channel 
to the receiver along with parity bits. 

20. The apparatus in claim 13, wherein when a negative 
acknowledgment Signal is received, parity bits are transmit 
ted over the communications channel to the receiver without 
the Systematic information bits. 

21. Apparatus for use in a receiver which receives data 
over a communications channel, comprising: 

transceiving circuitry configured to receive a coded data 
packet transmitted over the communications channel 
by a transmitter, where an initially transmitted coded 
data packet includes a first type of bits corresponding to 
actual information bits and a Second type of bits 
corresponding to parity bits, the information bits being 
more important to decoding than the parity bits, and 

packet processing circuitry configured to detect the 
absence of an expected packet and to transmit a lost 
Signal message to the transmitter rather than a negative 
acknowledgement Signal, the lost signal message indi 
cating that the data packet was detected as absent, and 
thereafter, to decode a first retransmission of the 
expected packet which includes the information bits, 

wherein if decoding of the first retransmission is not 
Successful, the packet processing circuitry is configured 

5 

15 

25 

16 
to Send the negative acknowledgment Signal to the 
transmitter, and in response, a Second retransmission is 
received including a set of the parity bits without the 
information bits. 

22. The apparatus in claim 21, wherein the packet pro 
cessing circuitry includes: 

a decoder for decoding a received data packet, and 
wherein if the data packet cannot be properly decoded, the 

lost signal message is Sent to the transmitter. 
23. The apparatus in claim 21, wherein the packet pro 

cessing circuitry includes: 
a buffer for Storing received data packet information; 
a combiner for combining buffer information with retrans 

mitted information; 
a decoder for decoding an output of the combiner; and 
a controller coupled to the buffer, combiner, and decoder. 
24. The apparatus in claim 23, wherein the decoder is a 

turbo decoder. 
25. The apparatus in claim 23, wherein the buffer and the 

combiner perform an incremental redundancy operation. 
26. The apparatus in claim 23, wherein the decoder 

performs error correction and the packet processing circuitry 
further detects errors in the output of the decoder. 

27. The apparatus in claim 23, wherein if the decoder 
output is not acceptable, the controller is configured to Send 
the negative acknowledgment Signal to the transmitter. 

28. The apparatus in claim 21, wherein the first retrans 
mission also includes a first Set of the parity bits. 

29. The apparatus in claim 21, wherein the Second trans 
mission is received including the information bits and the 
parity bits. 


